Introduction
Fetal heart rate (FHR) changes related to fetal anemia have not been investigated comprehensively. MODANLOU et al. [16] reported a case of severe fetal anemia due to a massive fetomaternal transfusion of a fetus at 34 weeks of gestation. The newborn did well after cesarean section and neonatal intensive care. More recently, four other case reports on severe fetal anemia have been published [21, 8, 17, 20] . A special morphological FHR pattern, the sinusoidal FHR curve, was observed in all five cases, although it was not recognised in one [21] . MANSEAU et al. [14] were the first to describe the sinusoidal FHR pattern, which they observed in nine Rh-immunized fetuses with poor outcome. Later on, the association between the sinusoidal heart rate pattern and Rh-immunization has been confirmed [18, 7, 22] . The sinusoidal FHR pattern has also been attributed to a more diverse group of fetal distress [13, l, 3, 4, 5, 15, 12, 23] and impending fetal death. These reports have in common that fetal hemoglobin (Hb) concentration was usually not determined. This report was prompted by observation of the sinusoidal FHR pattern in several cases of fetal anemia and by the diverse opinions regarding the pathophysiology of the pattern.
Material and methods
The anemic fetuses were searched from the records of those fetuses which received transfusions or exchange transfusions in the years 1978 and 1979 at Helsinki University Central Hospital. The cut-off level for Hb concentration in peripheral blood of the neonate was chosen 170 g/liter according to a normal material in the same hospital [9] . The cutoff level for umbilical Hb of the preterm babies and for Hb of intrapartum capillary blood of the samples was chosen from the report of BUR-MAN and MORRIS [2] . Two-hundred and thirty-five among 11976 infants born during this two-year period (2%) received transfusions or exchange transfusions. Eighty-three of them had thus defined anemia (0.7%). This population was divided into two groups: 13 fetuses with Hb less than 80 g/liter (severe anemia) and 70 fetuses with Hb values between 80 and 169 g/liter (moderate anemia). The antepartum diagnoses, complications during labor and delivery, the mean durations of pregnancies, the mean weights of the newborn, the modes of delivery, and the fetal outcome s in these groups are shown in Tab. I. Hb values were estimated äs cyanmethemoglobin spectrophotometrically. Fetal anemia was detected in 19 fetuses by fetal blood analysis (FBA) performed according to SALING [19] . Neonatal anemia was detected from umbilical artery in 20 infants and from peripheral blood during the first day of life in 44 infants. All of these were presumed to have fetal anemia, since no neonatal bleeding was observed in them. All fetuses were electronically monitored ante-or intrapartum. All CTGs except two (case one with abdominal and case six with direct electro-cardiography) were recorded by ultrasound. The cardio- The clinical data and FHR patterns related to severe fetal anemia are shown in Tab. II and those related to moderate fetal anemia and sinusoidal FHR pattern in Tab. III. Late decelerations and sinusoidal patterns were significantly more often associated with severe than with moderate anemia (Tab. IV). Silent pattern of FHR was also more often associated with severe than with moderate anemia, but the difference was not significant in this material. The fetal outcome after the sinusoidal FHR pattern was poorer than after FHR patterns without sinusoidal periods, but the differences were not significant in this material (Tab. V). The nine sinusoidal FHR patterns found in this material are reproduced in -T tocograms were evaluated visually. Late decelerations (LD) were recorded when two or more late decelerations were observed. Silent pattern of FHR (SP) was recorded when baseline FHR variability was less than five beats per minute for five minutes or more. Sinusoidal FHR pattern was defined äs smoothed, rounded oscillation of FHR two to three cycles per minute with an amplitude up to 40 beats per minute and lasting for at least one minute. The control material consisted of 65 normal pregnancies, of which more than 500 samples of FHR were recorded by abdominal electrocardiography [11] . The incidence of abnormal FHR patterns in severe anemia was compared with that in moderate anemia to find out the possible' specific marker of anemia. The statistical significance was calculated by the 2 test with YATES' correction. Tab. IV. Fetal heart rate patterns associated with severe and moderate fetal anemia. It has been suggested that a sinusoidal FHR pattern is a sign of impending fetal death [16, 7, 10] . In this material the fetal outcome after the sinusoidal FHR pattern was poorer than without this pattern, but the difference was not significant. This study Supports the previous investigations [16, 7] showing that in some cases even a severely anemic fetus with a sinusoidal FHR pattern (cases 3 and 4) can be saved with cesarean section, if the pattern is recognised.
A previous study suggested that a fetal blood analysis for determination of blood pH should be performed when a sinusoidal FHR pattern is observed during labor [20] . We agree with another report [1] that a more comprehensive FBA with determination of Hb concentration and blood group should be performed. It should also be considered during the antepartum period, if amniotic fluid is found to be mature. A KLEINHAUER-BETKE test on maternal blood for fetal Hb might be helpful in diagnosing the fetomaternal transfusion. In this material, the test was found to be positive in one case (case 8) and negative in two (cases 2 and 5).
The sinusoidal FHR pattern was intermittent in this material in all but one case (case 1), in which Hb concentration was lowest. Thus this study gives some support to a previous Suggestion [22] that a continuous sinusoidal pattern has an ominous and possibly agonal significance. It is, however, possible to save even these fetuses with cesarean section [16] or intrauterine transfusion and cesarean section [7] . It should also be noted that even with a fairly low fetal Hb (cases 2 and 4) the sinusoidal pattern is only intermittently observable. The changing amplitude of the sinusoidal pattern (äs in Fig. 2 ) even to a silent patterns (äs in case 8) makes the pattern intermittent and difficult to recognize [14] . The low amplitude of the sinusoidal pattern (äs in cases 2,4 and 11) makes them even more difficult to recognize, especially if the beat-to-beat recording has failed. The intermittent nature of the sinusoidal FHR pattern also gives a possible explanation for the fact that it has been observed in some cases only before [7] or only after [17] the intrauterine transfusion. The intrauterine transfusion was performed on six fetuses in this series. In one case (case 17) the sinusoidal pattern was observed only after two transfusions. It was seen before and after the transfusion in two cases (cases 4 and 9) and it was not seen at all in association with three transfusions. The transfusion procedure itself could hardly be the cause of the sinusoidal FHR pattern. Fig. 3 . The sinusoidal-simulating pattern of fetal heart rate recorded one hour after intramuscular pethidine was given to the mother. The sinusoidal patterns associated with fetal anemia have more rounded and smoothcd pattern and a lower frequency.
A recent report suggested that alphaprodine (a narcotic analgesic) administered to the mother could be the cause of a sinusoidal FHR pattern [6] . We observed a similar change of FHR after administration of intramuscular pethidine to the mother (Fig. 3) . This pattern, however, lacks the smoothing and rounding which is so peculiar to the sinusoidal pattern due to fetal anemia. It also has a higher frequency thanf the sinusoidal pattern. 
